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© A magnetic disc substrate and a magnetic disc using the same. 



© In the present invention, by using a thermoplastic norbornene type plastic as a material for the magnetic 
disc substrate, a magnetic disc substrate having a small deformation and a high modulus of elasticity can be 
prepared. Furthermore, in the present invention, by optimizing the thickness of the su bstrate, the resonance 
_ frequency of the magnetic _disc can be elevated to a level higher than the servo band. As a result a magnetic 
disc substrate which applies the present invention can form a servo mark having a high positional precision, and 
^ can carry out the tracking at high precision. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a magnetic disc substrat which uses a thermoplastic norbornene r sin. 
More particularly, the pr sent invention r lates to a magnetic disc which can conduct the position control of 
5 the magnetic head with high accuracy. 

In a magnetic recording medium which records and regenerates digital information by a magnetic head, 
for example, a magnetic disc, a servo mark is written to make the magnetic head follow the recording track 
and to give an address information. In order to carry out a tracking of the magnetic head with high accuracy 
(hereinafter to control the position so as to follow the record track precisely in a predetermined address is 
w referred to as "tracking"), it is required to elevate the resonance frequency of the magnetic disc to higher 
than the servo band. Therefore, materials having high modulus of elasticity, such as alin, glass or ceramics, 
have been used as a magnetic disc substrate. At the time of recording the data, it has also been carried out 
to write a position signal to the magnetic disc by writing a servo mark simultaneously by a servo writer. 
However, as the width of the recording track is becoming narrower as the density of records becoming 
75 high, high positional precision of said position signals becomes necessary. And in the conventional writing 
method of the position signal, it becomes necessary to maintain high positional precision between the servo 
writer and the mechanism portion of the magnetic recording device. And there is a problem that since it 
requires extremely difficult technology, the device becomes expensive. 

Therefore, a method has been proposed that the positional precision of the position signal is increased 
20 by preforming a servo mark in the magnetic disc. For example, there can be mentioned a method in which 
a servo mark is formed by etching or by non-magnetizing the magnetic layer, or a method in which a 
magnetic disc substrate is molded by a molding technique and the like, and at the time of molding, an 
uneven servo mark is formed. 

However, in said method to form a servo mark by etching or non-magnetizing a magnetic layer, there is 
25 a defect in that the production process of the magnetic disc becomes complicated to make the industrial 
production difficult. 

On the other hand, a method to form an uneven servo mark by molding a magnetic disc substrate by a 
molding technique is excellent in the productivity and industrially advantageous. However, if the plastic used 
as a substrate is a polycarbonate, a polymethylmethacrylate and the tike used for the optical disc substrate, 
30 the deformation due to moisture absorption is too big, and it is not suitable. Furthermore, a polymethylpen- 
tene, a polystyrene or the like having a low rate of moisture absorption is not preferable because the 
deformation of the substrate with the crystallization proceeding after the formation is too big since it is a 
crystallized plastic, or the heat resistance is not sufficient. 

Furthermore, since the plastic has a low modulus of elasticity, the resonance frequency of the magnetic 
35 disc becomes low, thereby a problem is caused in that the resonance frequency larger than the servo band 
cannot be obtained. Thus, any proper materials suitable as a magnetic disc substrate have not been found 
in the conventional plastics. 

SUMMARY OF THE INVENTION 

40 

The object of the present invention, therefore, is to provide a magnetic disc substrate having a high 
modulus of elasticity, and to provide a magnetic disc substrate capable of tracking with high precision by 
using such a magnetic disc substrate. 

The present inventors made investigations with a view to attaining the above objects, and as a result, it 

45 was found that the resonance frequency of the magnetic disc could be elevated to the level higher than the 
servo band, by using a thermoplastic norbornene type plastic as a material for the magnetic disc substrate 
and optimizing the thickness of the substrate. Furthermore, the present inventors found that the aforemen- 
tioned magnetic disc substrate could form a servo mark having high positional precision to become a 

magnetic disc capable of tracking at high precision, and have completed the present invention 

so Namely, the magnetic disc substrate according to the present invention is formed by injection molding 
of a thermoplastic norbornene resin, and the magnetic disc according to the present invention comprises at 
least a magn tic layer formed on such a magnetic disc substrate. 

The th rmoplastic norbornene r sin has a small moisture absorption, without no fear of deformation, 
and has a sufficient heat resistanc . Furthermor , by optimizing the thickness th r of, the r sonance 

55 frequ ncy b comes high. Furthermore, if this thermoplastic norborn ne resin is formed by an injection 
molding, the concave and convex portions of th servo mark-forming portion and those of the recording 
track-forming portion and the guard band-forming portion will be form d with high positional precision. 
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Th aforementioned magnetic disc substrate may be formed with a plastic composite in which a filler is 
added to the thermoplastic norbomene r sin. 

If the plastic composite containing a filler is used, and the particl size and the amount to be contained 
of the filler are optimized, the modulus of elasticity can be increased without deteriorating the surface 
5 roughness. Also in this case, by making the thickness of the magnetic disc substrate optimum, the 
resonance frequency higher than the servo band can be generated. 

On the other hand, if the magnetic disc according to the present invention comprises a magnetic layer 
formed on the aforementioned magnetic disc substrate, and the magnetic layer is formed uniformly over 
from the recording track-forming portion to the guard band-forming portion, the boundary between the 
ro recording track-forming portion and the guard band-forming portion can be determined with high precision 
by the concave and convex portions of the magnetic disc substrate, thereby a highly precise tracking is 
made possible. 

Furthermore, since the magnetized direction on the concave portion is reversed against the magnetized 
direction on the convex portion to make it possible to determine the magnetization reversal portion where 
75 the leakage of the magnetic flux is caused with high precision by the boundary between the concave 
portion and the convex portion, a highly precise tracking is made possible. 

Since the magnetic disc according to the present invention can make the generated resonance 
frequency high, when the record is regenerated by a magnetic head, the servo mark can be read out easily. 
Furthermore, the concave and convex portions of the servo mark-forming portion can be formed with 
20 high positional precision by the injection molding, without any deformation of the formed magnetic disc 
substrate, thereby the servo mark can be formed with high precision to make it possible to track the 
magnetic head with high precision. 

Therefore, by applying the present invention, it becomes possible to increase the track pitch and to 
record with higher density. Furthermore, since it becomes possible to produce a disc having a small 
25 formation change with lapse of time on a massive scale at a cheap cost, the industrial value is extremely 
large. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 Fig. 1 is a conceptual view showing the first stage of the servo write according to a two-stage 
magnetization method. 

Fig. 2 is a conceptual view showing the second stage of the servo write according to a two-stage 
magnetization method. 

Fig. 3 is a plan view showing conceptually the magnetic disc substrate constituting the magnetic disc of 
35 the present invention. 

Fig. 4 is a plan view showing conceptually a part of the magnetic disc substrate constituting the 
magnetic disc of the present invention. 

Fig. 5 is a characteristic view showing the difference of the servo output according to the formation 
method of the servo mark. 

40 Fig. 6 is a characteristic view showing the difference of a diameter elongation rate between a magnetic 
disc substrate comprising a thermoplastic norbomene resin and a magnetic disc substrate comprising a 
" "polycarbonate resin: " ~~ ~ 

DESCRIPTION OF THE PREFERRED EMBODIMENT 



A thermoplastic norbomene^ resin used for a magnetic disc substrate in the present invention is 
disclosed in Japanese Unexamined Patent Publication No. Sho 51-80400, Japanese Unexamined Patent 
Publication No. Sho 60-26024, Japanese Unexamined Patent Publication No. Hei 1-168725, Japanese 
Unexamined Pa tent Pu blic ation No. Hei 1-190726 , Ja panese Unexa mined Patent Publication No . Hei 3- 
50 14882. Japanese Unexamined Patent Publication No. Hei 3-122137, and Japanese Unexamined Patent 
Publication No. Hei 4-63807. Concretely, there can be mentioned ring-opening polymers of norbomene type 
monomers, ring-op ning polym rs hydrogenated product of norb rnene type monomers, addition polymers 
of norbornen type monomers, addition copolymers of norbomene type monom rs and an olefin, and the 
like. 

55 As monomers to obtain a thermoplastic norbomene resin, ther can be us d known monomers in the 
aforementioned Publications, Japanes Unexamined Patent Publication No. Hei 2-27424, and Japanese 
Unexamined Pat nt Publication No. H i 2-276842. For example, ther can be m ntion d polar group 
substituents such as norbomene, alkyl thereof, alkylidene, alk nyl, aromatic substitution d rivatives and 
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halogen of substituted or unsubstituted olefin thereof, hydroxy! groups, ester groups, alkoxy groups, cyano 
groups, amido groups, imide groups, and silyi groups. Concretely, there can be mentioned 2-norborn n , 5- 
methyl-2-norbornene. 5,5-dimethyl-2-norbomen , 5-ethyI-2-norbornene, 5-butyl-2-norbornene, 5-h xyl-2-nor- 
bornene, 5-octyl-2-norbornene. 5-octadecyl-2-norbornen , 5-ethylidene-2-norbomene, 5-isopropenyl-2-nor- 

s bornene, 5-methoxycarbonyl-2-norbornene, 5-cyano-2-norbornene, 5-methyl-5-methoxycarbonyl-2-norbor- 
nene., 5-phenyl-2-norbornene. 5-phenyl-5-methyl-norbomene, and the like. 

Also, monomers having one or more cyclopentadiene added to norbomene and the derivatives and 
substituents thereof as mentioned above may be used. As concrete examples, there can be mentioned 
1 ,4:5,8-dimethano-1 , 4. :4a,5,6,7 t 8,8a-octahydro naphthalene, 6-methyM ,4:5,8-dimethano-i ,4,4a,5,6,7.8,8a- 

70 octahydronaphthalene, 6-ethyl-1 ,4:5,8-dimethano-1 ,4,4a f 5,6,7,8, 8a-octanydronaphthalene, 6-ethylidene- 
1 ,4:5,8-dimethano-1 ,4 ( 4a,5, 6.7,8.8a-octahydronaphthalene, 6-methyl-6-methoxycarbonyl-1 ,4:5,8-dimethano- 
1 ,4,4a f 5,6.7,8 i 8a-octahydronaphthalene, 6-cyano-1 ,4:5,8-dimethano-1 ,4.4a f 5,6,7,8.8a-octahydronaphthalene, 
and the like. 

Furthermore, monomers having a polycyclic structure with lots of cyclopentadiene, and the derivatives 

75 and substituents thereof as mentioned above may be used. As concrete examples, there can be mentioned 
dicyclopentadiene, 1 ,4:5.8-dimethano-1 ,2,3,4 f 4,5,8,8a-2.3-cyclopentadienonaphthalene, 1 ,4:5,1 0:6.9- 
trimethano-1,2,3.4,4a.5,53,6,9,93,10,103-dodecahy dro-3,4-cyclopentadienoanthracene. 2,3- 

dihydrodicyclopentadiene and the like. 

Furthermore, cyclopentadiene and tetrahydroindene. indene, benzofuran and the like and addition 

20 products thereof, derivatives and substituents thereof as described above may be used. As concrete 
example, there can be mentioned l^^ethano-l^^a^b.S.S.Sa^a-octahydrofluorene, 5,8-methano- 
1 t 2,3,4,4a,5,8,8a-octahydro-2,3-cyclopentadienonap hthalene, 1 ,4-methano-1 ,4,4a,9a-tetrahydrofluorene, 1 .4- 
methano-1 ,4,4a,9a-tetrahydrodibenzofuran and the like. 

The thermoplastic norbornene resin used, in the present invention contains at least one monomer 

25 selected from the aforementioned monomers, and may contain a monomer in addition to aforementioned 
monomers which is copolymerizable with these monomers within a range where the characteristics of 
polymers to be aimed, such as solubility and the like, is not substantially damaged or is improved. As 
copolymerizable monomers, there can be mentioned cycloolefins such as cyclopentene. cyclohexene, 
cycloheptene, cyclooctene and the like. 

30 Furthermore, in the case where the thermoplastic norbornene resin is an addition copolymer of a 
norbornene type monomer and an olefin, a-olefm such as ethylene, propylene, 1-butene, 1-hexene, 4- 
methyl-1 -pentene, styrene and the like is used as an olefin. 

The limiting viscosity M measured in decalin or toluene of 25 # C of these thermoplastic norbornene 
resins is 0.01 - 20 di/g, preferably 0.05 - 10 di/g, and more preferably 0.1 - 5 dl/g. If the limiting viscosity is 

35 too small, the thermoplastic norbornene resins cannot keep the shape as a polymer, and if it is too large, 
the moldability is degraded. 

Furthermore, the glass transition temperature (hereinafter referred to as "Tg") of these thermoplastic 
norbornene resins is 50 • C - 200 * C, preferably 70 • C - 1 80 * C, and more preferably 80 • C - 1 60 • C. 

To the aforementioned thermoplastic norbornene resins, various additives such as phenol-type or 

40 phosphorus-type antioxidants, benzophenone-type ultraviolet ray-absorbents, light-resistant stabilizers, an- 
tistatic agents, esters of aliphatic alcohol, lubricants such as partial esters and partial ethers of polyhydric 
alcohol may be added, as desired. Furthermore, other resins, rubber polymers and the like may be used in 
mixture, so far as the attainment of the objects of the present invention is not hindered. 

— And.^the_thickness^_of_the magnetic dis c substrate usin g t he thermoplastic norbornene resins as 

45 described-above is made thicker than the thickness- 0.89 mm_of a. 2.5 inch substrate of _a magnetic disc 
using a glass substrate. Concretely, it is preferred that when the diameter is 95 mm. the thickness should 
be 2:6 - 3.0 mm; when the diameter is 65 mm. the thickness should be 0:9 - 2.0 mm; when the diameter is 
48 mm, the thickness should be 0.5 - 1.8 mm; when the diameter is 34 mm. the thickness is made to be 
—0:2 - 1 .6 mm: — - — — - — 

so If the thickness of the substrate is too thin, the resonance frequency of the magnetic disc becomes low, 
and on the contrary, if the thickness of the substrate is too thick, the magnetic disc becomes large, and it 
becomes difficult to house th necessary amounts in a limited spac f th magnetic recording d vie . 

Furthermore, it is referred that said magnetic disc substrate be formed so that the servo mark-forming 
portion has concav and convex portions by injection molding. Moreover, it is pref rred that the rec rding 

55 track-forming portion hav a conv x shape and th guard band-forming portion hav a concav shape. 

Incidentally, since a stamper used in injection molding of said magnetic disc substrate is proc ssed by 
a mastering t chniqu which has been us d for forming servo marks of th optical magn tic disc, the 
positional precision of un venness in said servo mark-forming portion, and concave and conv x portions in 
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said recording track-forming portion and said guard band-forming portion is xtremely high. 

Furthermore, in said magnetic disc substrate, a thermoplastic norbornene resin to which a filler is added 
as a substrate material may be used, but in this case, it is preferred that the thickn ss be changed as 
follows. Namely, it is preferable that wh n the diam ter is to be 95 mm. th thickness should be 1.5 - 2.6 
s mm; when the diameter is to be 65 mm, the thickness should be 0.5 - 1.8 mm; when the diameter is to be 
48 mm, the thickness should be 0.28 - 1.6 mm; when the diameter is to be 34 mm, the thickness is to be 
0.10 - 1.4 mm. By incorporating a filler, a magnetic disc substrate having high modulus of elasticity can be 
provided, and with the thickness of the aforementioned conditions, the resonance frequency of the magnetic 
disc can be elevated to the level higher than the servo band. If the thickness is too thick, it becomes 
70 difficult to house the necessary amounts within the limited space of the magnetic recording device. 

In said magnetic disc substrate, the filler is not exposed on the surface of the magnetic disc substrate, 
and said magnetic disc substrate is covered with a matrix resin of a plastic composite (a thermoplastic 
norbornene resin). As said filler, the one which is harder than the matrix resin is desirable, and an inorganic 
filler is preferably used. The filler used in the present invention has particles with the average particle size 
75 of 0.005 - 1.5 um, preferably 0.01 - 0.8 urn, more preferably 0.05 - 0.6 urn. Furthermore, the filler having a 
small particle size distribution is preferable, in which particles in the range of 1/5 to 2 times as large as the 
average particle size occupy 70% by weight or more, preferably 80% by weight or more, more preferably 
90% by weight or more. Moreover, the shape of the filler has a spherical shape, and the closer to the 
perfect round shape, the more preferable. So far as these conditions are satisfied, the magnetic disc 
20 substrate which contains plural kinds of fillers therein, and has plural number of peaks of the particle size 
distribution may be used. 

If said average particle size is too small, the melt flow at the time of molding the plastic composite is 
degraded, and on the contrary, if it is too large, the surface roughness of the molded article becomes bad, 
and the transferability of the servo mark becomes poor. If said particle size distribution is too large, even if 
25 the average particle size is small, the surface roughness of a part of the molded article may becomes bad, 
and a substrate having uniform physical properties may not be obtained. As the shape of said filler goes 
away from the perfect round shape, the melt viscosity of the plastic composite becomes high, the 
moldabiiity is degraded and the surface roughness of the molded article is deteriorated. 

The quality of the material of the filler is not particularly limited so far as it is solid-state inorganic 
30 material. For example, there can be mentioned silica, glass, alina, talc, calci carbonate, alin hydroxide, 
magnesi hydroxide, calci sulfate, bari sulfate, metal oxides (zinc oxide, magnesi oxide, iron oxide, titani 
oxide, alin oxide, antimony oxide and the like), double salts (al and clay), quartz, kaolin, warastnite, mica, 
carbon black, molybden sulfide and the like. Among them, silica, glass, quartz and alina are preferable. 

It is preferable that said plastic composite be composed of 70 - 99 parts by weight of said 
35 thermoplastic norbornene resin and 30-1 parts by weight of inorganic filler having a spherical shape with 
the average particle size of 0.005 - 1 um. Preferably, it is composed of 75 - 95 parts by weight of said 
thermoplastic norbornene resin and 25-5 parts by weight of said inorganic filler, more preferably, it is 
composed of 80 - 90 parts by weight of said thermoplastic norbornene resin and 20-10 parts by weight of 
said inorganic filler. If the incorporation amount of the filler is too small, the improvement of the modulus of 
40 elasticity of the molded substrate is not sufficient, and if the incorporation amount of the filler is too large, 
the melt flowability at the time of molding the substrate becomes bad, and the moldabiiity and the 
transferability of the servo mark are deter76rafed7^ ~ — — 

In order to manufacture the magnetic disc substrate by using said composite materials, first, for 
example, a thermoplas tic norbornene resin and an inorganic filler, and additives according to need are 
mixed. The method to mix them is not particularly limited, so far as the filler and additives are sufficiently 
dispersed in the resin. It is preferred that the primary particles of the filler be dispersed, however, even in 
the case that the filler is not sufficiently dispersed and aggregated, it is desirable that the particle size of the 
aggregated mass should be less than 2 um, preferably less than 1 um. 

And,_the_materialS-mixed-in_the_manner described_above,Js-molded_into_the_shape_of Jhe_magnetic_disc 

substrate by the injection molding method. The magnetic disc molded in this manner is excellent in the 
dimensional stablility, and the coefficient of linear expansion of the substrate thereof is generally 3 x 10" 5 to 
6 x 10~ 5 deg~\ whereas that of the substrate obtained by molding the thermoplastic norbornen r sin is 
around 6 x 10~ 5 to 8 x 10" 5 deg" 1 . Moreover, the flexural modulus of elasticity of the substrate thereof 
becomes 25,000 to 70,000 kg/cm 2 by incorporating the filler, whereas the flexural modulus of elasticity of 
the substrate obtained by molding th thermoplastic norbornene resin is less than 25,000 kg/cm 2 . 

Said magnetic disc substrate according to th pres nt inv ntion is xcellent in the surface roughness. 
When a mold die whose surfac is polished lik a mirror surfac is used, the surfac roughness f th 
substrate obtained by injection molding of the th rmoplastic norbornene resin is generally 0.017 to 0.020 
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urn at the maxim roughness Rmax value, and even if a certain filler is added, th substrate has the similar 
surface roughness. 

The magnetic disc according to the pr s nt invention is composed of at least a magnetic layer formed 
on the magnetic disc substrat having materials and shapes described above. 
5 The magnetic layer formed on this magnetic disc substrate is formed evenly over from the recording 
track-forming portion to the guard band-forming portion. Thereby, the boundary between the recording track 
and the guard band in the magnetic disc is determined by the concave and convex portions of the magnetic 
disc substrate. However, since the concave and convex portions are formed by transferring the stamper 
fixed in the mold die at the time of injection molding, their positions are extremely precise. Thereby, a track 

70 pitch of, for example, 5.2 urn is obtained, but it is possible to obtain a track pitch of less than 5.0 urn. 

Furthermore, by said injection molding, the servo mark-forming portion in said magnetic disc substrate 
may be formed so that it has concave and convex portions. Incidentally, hereinafter, "the servo mark- 
forming portion" in the magnetic disc substrate stands for a portion where a servo mark is formed, when a 
magnetic layer is formed on said magnetic disc substrate to form a magnetic disc. 

75 The magnetic layer formed on the concave and convex portions of this servo mark-forming portion is so 
formed that the magnetized direction on the concave portion is reverse to that on the convex portion. 
Thereby, the magnetization reversal portion where leakage of the magnetic flux is caused is to be 
determined by the boundary of the concave portions and the convex portions of the magnetic disc 
substrate, however, since the concave and convex portions are formed by transferring the stamper fixed in 

20 the mold die at the time of injection molding, the positional precision of the servo mark becomes excellent. 
Thereby, the servo mark can be formed in a size smaller than, for example, 1.2 urn, but it is possible to 
form the servo mark to be smaller than 1.0 urn, and also to be around 0.6 urn at the minim. 

In order to record said servo mark, for example, servo write may be conducted according to the two- 
stage magnetization method. Namely, in the first stage, as shown in Fig. 1, with a sufficiently large 

25 recording current by using a magnetic head 12, a magnetic layer is magnetized in the same direction, even 
if it is a magnetic layer 11 on the concave portion or a magnetic layer 11 on the convex portion of a 
magnetic disc substrate 1 . In the second stage, as shown in Fig. 2, with a smaller recording current than 
that of the first stage, only the magnetized direction of the magnetic layer on the convex portion is reversed. 
As a result, the magnetized direction of the concave portion and the convex portion becomes opposite, and 

30 the leakage of the magnetic flux generated from the magnetization reversal portion which is the boundary of 
the concave portion and the convex portion becomes the position signal. 

In the magnetic disc according to the present invention, a backing layer, a protection layer, an 
application layer of a lubricant may be provided in addition to a magnetic layer on the magnetic disc 
substrate. With regard to the materials to compose the backing layer, the protection layer and the lubricant- 

35 applied layer and a method to form them, conventional methods can be used, and they are not particularly 
critical, but a typical method is to form a backing layer by sputtering Cr, Mo and the like, a magnetic layer 
by sputtering a metallic magnetic thin film of CoPt. CoPd, CoCrPt and the like and a protection layer by 
sputtering C, SiO 2 , respectively. Furthermore, as a lubricant- applied layer, for example, a lubricant such as 
Fomblin Z-DOL (product name) and the like may be applied by a spin coating method to form a lubricant 

40 application layer. 

Concrete examples which apply the present invention will now be described in detail with reference to 
accompany in'g~dra wings: ■ ~ : - - - 

Example 1 

45 ~~ 
One example of the" rnagnetic disc - according to this embodiment wilf now described. This" magnetic 
disc comprises a backing layer, a magnetic layer, a protection layer and a lubricant-applied, layer provided 
in sequence on the magnetic disc substrate, 

Said magnetic disc substrate 1 is substantially disc-like shape having a diameter of 65 mm and a 

50 thickness of 1.2 mm, comprising a thermoplastic norbornene resin, the product name "ZEONEX480" 
manufactured by Nippon Zeon Co. And, concretely, it comprises, as shown in Fig. 3, a recording region- 
forming portion 2, clamp portions 3 located in the inner peripheral side and the outer peripheral side of said 
recording region-forming portion 2, and a landing portion 4. 

Said recording area-forming portion 2 comprises a data r gion-forming portion 5 which is a region 

55 where the magnetic layer (not shown) formed thereon actually records the data and a servo mark-forming 
portion 6 where the information for controlling the positions in the address and the recording track are 
preformed. 
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As said recording region-forming portion 2 is shown on a larger seal in Fig. 4, said data region-forming 
portion 5 comprises a recording track-forming portion 7 and a guard band-forming portion 8, and said servo 
mark-forming portion 6 comprises an addr ss mark-forming portion 9 and a fine mark-forming portion 10. 
And as described above, in the data region-forming portion 5, the recording track-forming portion 7 is a 
5 convex shape, and the guard band-forming portion 8 is a concave shape, and concave and convex portions 
are provided also in the servo mark-forming portion 6. 

On the magnetic disc substrate 1 as described above, a backing layer (not shown) is formed, and a 
magnetic layer is formed thereon, and in said data region-forming portion 5, a magnetic layer is uniformly 
formed even in the recording track-forming portion 8 or in the guard band-forming portion 8, and th 
w magnetic layer on the concave and convex portions of the servo mark-forming portion 6 is so formed that 
the magnetized direction on the concave portion is reversed against the magnetized direction on the convex 
portion. 

Also on the magnetic layer, there are provided a protection layer and a lubricant-applied layer. 

In order to prepare a magnetic disc having a structure described above, first, a peiiet of said 
75 thermoplastic norbornene resin was injection-molded into a shape described above in an injection molding 
machine (DISC-5 manufactured by Sumitomo Jyukikai Kogyo Co.) using a mold having a stamper fixed 
therein, at a resin temperature of 340 *C, and a mold temperature of 110* C. 

Then, on said magnetic disc substrate 1 , a backing layer comprising Cr was formed in a thickness of 
150 nm. a magnetic layer comprising CoCrPt was formed in a thickness of 60 nm, and a protection film 
20 comprising C was formed in a thickness of 10 nm, respectively, by a sputtering method. Furthermore, a 
lubricant comprising "Fomblin Z-DOL" (product name) was applied in a thickness of 2 nm. 

Furthermore, the preformat of the servo mark to the servo mark-forming portion 6 was carried out by a 
two-stage magnetization method using a magnetic head having a magnetic gap of 0.3 urn and a track width 
of 4.0 urn. 

25 As described above, a sample disc of Example 1 was completed, and 100 pes. of the sample disc wer 
prepared. 

Example 2 

30 A magnetic disc was prepared in the same manner as in Example 1 except that the thickness of the 
magnetic disc substrate 1 was 1.0 mm to obtain a sample disc of Example 2. 

Example 3 

35 A magnetic disc was prepared in the same manner as in Example 1 except that the thickness of th 
magnetic disc substrate 1 was 0.8 mm to obtain a sample disc of Example 3. 

Example 4 

40 A magnetic disc having the same structure as in Example 1 was prepared except that the concave and 
convex portions were not provided on the servo mark-forming portion 6 of the magnetic disc substrate 1 , 
~ and the servo mark" was formed by the magnetic reversal of the magnetic layer formed thereon, to obtain a 
sample disc of Example 4. 

45 Example 5 ~~™ 

A magnetic disc having the same structure as in Example 1 was prepared except that the concave and 
convex portions were not provided on the servo mark-forming portion 6 of the magnetic disc substrate 1 , 

and the servo m ar k was formed by etchin g and non-magnetizing the m a gnetic l a yer forme d th ereon, to 

so obtain a sample disc of Example 5. 

Comparative Example 1 

A magnetic disc was prepared in the same mann r as in Example 1 xc pt that a polycarbonate resin, 
55 a product name, Pan Light AD-5503 manufactur d by T ijin Kas i Co. was us d instead of the th rmoplas- 
tic norbornene r sin to obtain a sample disc of Comparative Example 1. 
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Evaluation of the properties 

Various properties were evaluated with respect to the Examples 1 to 5. and Comparative Example 1 
prepared as described abov . 

First, the surface of the magnetic disc substrate was observed. Ail magnetic disc substrates showed 
such an excellent transferability that the positional precision of the servo mark was such that the deviation in 
position in the radial direction was 0.010 urn or less, and the deviation in position in the peripheral direction 
was 0.007 urn or less. 

Furthermore, the magnetic property was measured and it was found that the coercive force He of a!! 
sample discs were 120 kA/m. 

Then, the resonance frequency of the sample discs in Examples 1 to 3 were measured. Table 1 shows 
the thickness of the magnetic disc substrate and the resonance frequency of each sample disc. 

Table 1 





Thickness of the disc 
substrate (mm) 


Resonance frequency (Hz) 


Example 1 


1.2 


601.2 


Example 2 


1.0 


501.0 


Example 3 


0.8 


400.8 



From table 1, it is seen that by making the thickness of the magnetic disc substrate thicker, the 
resonance frequency can be increased. If the servo band is 450 Hz, it is necessary to generate the 
resonance frequency at least larger than 450 Hz. Therefore, at the time of record regeneration by the MR 
head, the servo output signal was sufficiently separated in the sample discs in Examples 1 and 2, but in the 
sample disc in Example 3, the servo output signal could not be sufficiently separated. 

For reference, the thickness of the magnetic disc substrate which can obtain the resonance frequency 
larger than 450 Hz which is the servo band is shown in Table 2, with respect to various substrate sizes. 

Table 2 



Disc substrate 
size (mm) 


Thickness of the magnetic disc substrate which can obtain 
the resonance frequency larger than 450 Hz (mm) 


95 


2.6 


65 


0.9 


48 


0.5 


34 


~ - 02 _ _ 



Subsequently,_with_respect_to_thesample-discs_o^^ 

the servo mark was measured. ___ _ • _ _ _ _ _ 

Concretely, the servo output was measured by applying the current of 18 mA and its frying height of 67 
nm to the servo mark having the recording density of about 33 kfci. by a MR head having the magnetic gap 
of 0.3 urn and the track width of 4.5 urn. 

In-Fig— 5~the servo output of the sample disc-of-Example-l is shown-in o-rthe servo- output of the 

sample disc of EExample 4 is shown in □ , and the servo output of the sample disc of Example 5 is shown in 

From Fig. 5, it is seen that the servo output of Example 1 is not largely vari d compar d with that of 
Example 4, but is higher than that of EExample 5 by about 4 dB, in the record density of about 33 kfci. 

Since the servo mark of th sample disc in EExample 1 is determined by the concave and conv x 
portions, th positional precision th reof is high r than that of EExample 4, and from the abov r suits, it was 
found that the s rvo output obtained from this servo mark could be read sufficiently. 

Furthermor , the sample disc of EExample 1 and Comparativ EExample 1 wer k pt for a long period of 
time to study th deformation of the magnetic disc substrate. 
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The magnetic disc substrate used in Example 1 and the magnetic disc substrate used in Comparative 
Exampl 1 were stored in a clean oven in an atmosphere of 90% RH to study the deformed amount of th 
substrat . The deformed amount of the substrate is shown in Rg. 6, as an elongation rat of the diameter 
after moisture absorption with r spect to the diameter before moisture absorption, 
s From Fig. 6, it is seen that the magnetic disc substrate used in Example 1 has a smaller elongation rat 

compared to that of the magnetic disc substrate used in Comparative Example 1 . Namely, it is seen that th 
thermoplastic norbornene resin has smaller hygroscopicity compared with the polycarbonate resin, and 
therefore the deformed amount of the substrate is small. 

Furthermore, the run-out amount was studied and it was found that in the magnetic disc substrate of 
io Example 1, there were seen no large changes between 10 um before moisture absorption and 10 urn after 
moisture absorption, while it was deteriorated in the magnetic disc substrate of Comparative Example 1 
such that 10 um before moisture absorption and 30 um after moisture absorption. As a result, the run-out 
amount exceeded the allowable value 20 um of the run-out amount enabling 0.05 um of the floated amount 
of the magnetic head, and the magnetic head did not float. 

75 

Example 6 

One example of the magnetic disc according to this embodiment will now be described. This magnetic 
disc comprises a backing layer, a magnetic layer, a protection layer and a lubricant-applied layer provided 
20 in sequence on the magnetic disc substrate. 

Said magnetic disc substrate 1 is substantially disc-like shape having a diameter of 65 mm and a 
thickness of 0.8 mm. comprising a thermoplastic norbornene resin containing a filler, and as in Example 1, 
comprises as shown in Fig. 3, a recording region-forming portion 2, clamp portions 3 located in the inn r 
peripheral side and the outer peripheral side of said recording region-forming portion 2, and a landing 
25 portion 4. 

Said recording area-forming portion 2 is a portion to be a recording region when it is formed to be a 
magnetic disc, and comprises a data region-forming portion 5 which is a region where a region to record 
the data is actually formed and a servo mark-forming portion 6 where a servo mark for controlling the 
positions in the address and the recording track (i.e., for tracking) is formed. 

30 As said recording region-forming portion 2 is shown on a larger scale in Rg. 4, said data region-forming 
portion 5 comprises a recording track-forming portion 7 and a guard band-forming portion 8 which becomes 
a recording track and a guard band, respectively, when the data region-forming portion is formed to be a 
magnetic disc. And said recording track-forming portion 7 is formed to be a convex shape, and said guard 
band-forming portion 8 is formed to be a concave shape. 

35 On the other hand, said servo mark-forming portion 6 comprises an address mark-forming portion 9 and 
a fine mark-forming portion 10 which becomes an address mark and a fine mark, respectively, when said 
servo mark-forming portion 6 is formed to be a magnetic disc. And also in this servo mark-forming portion 
6, concave and convex portions corresponding to the address mark and the fine mark are backing layer (not 
shown) is formed, and a magnetic layer is formed thereon, and in said data region-forming portion 5, a 

40 magnetic layer is uniformly formed even in the recording track-forming portion 8 or in the guard band- 
forming portion 8. And the magnetic layer on the concave and convex portions of the servo mark-forming 
~ portion 6 is so formed that the magnetized direction on the "concave portion is reversed against th 
magnetized direction on the convex portion. 

Also on the magnetic layer, there are provided a protection layer and a lubricant-applied layer. 

45 In order to produce a magnetic disc having a structure described^above, first7~a — pellet - of~tfie~ 
thermoplastic norbornene resin containing a filler constituting the magnetic disc substrate 1 was prepared. 
Concretely, by using a biaxial extruder having a diameter of 35 mm (Product name: TEM35B, manufactured 
by Toshiba Kikai Co.), 25 parts by weight of synthesized quartz spherical filler (Product name: Admafine 

SO-C2, manufactured by Tatsumori Co,), in which an average particle size was_0._5um, and particles having 

so a particle size of 0.1 to 1um were contained in 95% by weight of more, was dded to 100 parts by weight of 
a ring-opening polymer hydrogenated product of a norbornene type monomer (Product name: ZEONEX480 
manufactured by Nippon Zeon Co., Glass transition point: about 140 *C), and th mixture was kneaded at a 
resin temperature of 250 *C, extruded from the di into a transition point: about 140*C), and the mixtur 
was kneaded at a resin temperature of 250 *C, extruded from the die into a strand form, and palletized by a 

55 pelletizer. 

Next, the aforementioned pellet was injection-molded into the shap of the magnetic disc substrate 1 . 
Concretely, the pellet was injection-molded into a shap having a diamet r of 65 mm and a thickn ss of 0.8 
mm, by using an injection molding machin (DISC-5 manufactured by Sumitomo Jyukikai Kogyo Co.) and. 
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a mold having a stamper fix d th r in, at a resin temperature of 340 # C. and a mold temperature of 110* C. 

Th n, on said magnetic disc substrate 1, a backing layer comprising Cr (100 nm), a magn tic layer 
comprising CoCrPt (60 nm). and a protection film comprising C (10 nm) was formed in sequence by a 
sputtering method. For sputt ring, an in-line type statically opposed DC magnetron sputt ring d vice was 
5 used, an alloy target was used for a magnetic layer, thus films were formed in an atmosphere of argon gas. 
Furthermore, a lubricant (Product name: Fomblin Z-DOL. manufactured by Monte Cathiny Co.) was applied 
on the protection film by dipping. 

And, the preformat of the servo mark to the servo mark-forming portion 6 was carried out by a two- 
stag© magnetization method using a magnetic head having a magnetic gap of 0.3 urn and a track width of 
io 4.0 urn. 

A sample disc of Example 6 was thus completed as described above, and 100 pes. of the sample disc 
were prepared. 

Example 7 

A pellet was prepared in the same manner as in Example 1, except that 20 parts by weight of a 
synthesized quartz spherical filler (Product name: Admafine SO-C3, manufactured by Tatsumori Co.) in 
which an average particle size was 1.0 urn, and particles having a particle size of 0.2 to 2 urn were 
contained in 95% by weight or more was used as a filler. And by using this pellet, a magnetic disc 
20 substrate was injection-molded in the same manner as in Example 6 to prepare a magnetic disc, and thus a 
sample disc of Example 7 was obtained. 

Example 8 

25 A pellet was prepared in the same manner as in Example 6, except that 60 parts by weight of the same 
filler as used in Example 6 was used. And by using this pellet, a magnetic disc substrate was injection- 
molded in the same manner as in Example 6 to prepare a magnetic disc, and thus a sample disc of 
Example 8 was obtained. 

30 Example 9 

A pellet was prepared in the same manner as in Example 6, except that 25 parts by weight of a 
crystalline soft silica having an average particle size of 2.2 urn (Product name: IMSIL A- 108, manufactured 
by Tatsumori Co.) was used as a filler. And by using this pellet, a magnetic disc substrate was injection- 
35 molded in the same manner as in Example 6 to prepare a magnetic disc, and thus a sample disc of 
Example 9 was obtained. 

Example 10 

40 A magnetic disc substrate 1 was injection-molded in the same manner as in Example 6 except that the 
thickness of the substrate was changed to 0.7 mm, to prepare a magnetic disc, and thus a sample disc of 
Example 10 was obtained. 

Example 11 

45 ~ — 

A magnetic disc substrate 1 was injection-molded in the same manner - as in Example 6 except that the 
thickness of the substrate was changed to 0.48 mm, to prepare a magnetic disc, and thus a sample disc of 
Example 1 1 was obtained. 

so Example 12 

A magnetic disc was prepared in the same manner as in Example 6 except that concave and convex 
portions were not provided on th servo mark-forming portion 6 of th magnetic disc substrat 1 , and the 
servo mark was form d by the magnetic rev rsal of th magn tic layer formed on this magnetic disc 
55 substrate 1 to obtain a sample disc of Example 12. 
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Exampl 13 

A magnetic disc was prepared in the same manner as in Example 6 except that concave and convex 
portions were not provided on th servo mark-forming portion 6 of the magnetic disc substrate 1 , and the 
servo mark was formed by etching and magnetizing the magnetic layer formed on this magnetic disc 
substrate 1 to obtain a sample disc of Example 13. 

Comparative Example 2 

A magnetic disc having the same shape as that of Example 6 was prepared in the same manner as in 
Example 6 except that a thermoplastic norbornene resin not containing a filler was used to obtain a sampl 
disc of Comparative Example 2. 

Evaluation of the properties 

Various experiments were conducted with respect to thus prepared sample discs and various properties 
were evaluated. 

First, as Experiment 1, the magnetic properties of each sample disc of Examples 6 to 13 and 
Comparative Example 2 were measured. When the coercive force He was measured by a magneto-optical 
Kerr effect-measuring device (the maxim applied magnetic field 517 kA/m), the coercive force was 120 
kA/m in all sample discs, thus it was found that all of them had a magnetic properties usable as a magnetic 

disc. 

Next, the properties of the magnetic disc substrate 1 which constitutes each sample disc wer 
evaluated. 

As Experiment 2, the melt index value at 280 * C of the pellet of a plastic composite containing a filler 
which constitutes the magnetic disc substrate 1 was measured with respect to Examples 6 to 9. and 
Comparative Example 2. Incidentally, the measurement was carried out conforming to JIS K6719. The result 
is shown in Table 3. 



Table 3 





Melt Index Value 
(g/min) 


Flexural modulus of elasticity (kg/cm 2 ) 


Example 6 


25 


45000 


Example 7 


27 


41000 


Example 8 


19 


63000 


Example 9 


21 


46000 


Comparative Example 2 


29 


24000 



From Table 3, it is seen that in the pellets containing a filler in Examples 6 to 9, the melt index valu 
was-more-or-less-deteriorated-compared-to-the-pellet-not-containing a filler-in-Comparative-Example-2, 
however. tt was not-a- value affecting the molding substantially. . - 

Moreover, as Experiment 3, the aforementioned each pellet was injection-molded at a resin temperatur 
of 290 *C by using an injection molding machine (Product name: FS80, manufactured by Nissei Jushi 
Kogyo Co.), and a test piece was molded for a bending test conforming to ASTM D-790 to measure the 
flexural modulus of elasticityrThe result is show^ ". ~~~ ~ 

From Table 3, it was seen that in the test pieces in Examples 6 to 9, the flexural modulus of elasticity 
becomes extremely large compared to that of Comparative Example 2. 

As described above, it is s en from Experim nts 2 and 3. that wh n th magnetic disc substrate is 
composed of a plastic composite containing a filler, th flexural modulus of elasticity can be incr as d 
without damaging the moldability. 

Next, as Exp riment 4, with resp ct to ach sample disc of Examples 6 to 13 and Comparative 
Example 2, th concave and convex portions formed on th serv mark-forming portion 6 of th magnetic 
disc substrate 1 w r observ d. The positional precisi n of the concave and convex portions in the sample 
discs of Examples 6. 7, 10 and 13, and Comparative Example 2 was such that th deviation in position in 
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the radial direction in either of th m was 0.010 um or less, and th deviation in position in a peripheral 
direction in either of them was 0.007 um or less, and showed the excellent transferability. On the other 
hand, in the sample discs of Examples 8 and 9, the transferability was poor. 

Furthermor , as Exp rim nt 5, the surface roughn ss of the mirror surface portion where th groove 

5 was not formed on the surface of the stamper side of the magnetic disc substrate 1 was checked. As a 
result, in sample discs of Examples 6, 7, 10 and 13, and Comparative Example 2, it was so smooth that the 
surface roughness Rmax was 0.017 um, and the average roughness was 0.002 um. On the other hand, in 
sample disc of Example 8. the Rmax value was 0.63 um at maxim and 0.45 um at minim, and in sample 
disc of Example 9, the Rmax value was 0.59 um at maxim and 0.30 um at minim, thus they were poor in 

70 the smoothness. 

Thus, it is seen from Experiments 4 and 5, that if the content of the filler is too large, or the average 
particle size of the filler is too large, the transferability and the surface roughness are deteriorated, but if a 
filler having an adequate average particle size is contained in an adequate amount, the transferability and 
the surface roughness as excellent as those of the one not containing a filler can be obtained. 
75 Next, as Experiment 6, with respect to the sample discs of Examples 6 and 7, and Comparative 
Example 2, the modulus of elasticity and the resonance frequency were studied. The results are shown in 
Table 4. 

Table 4 

20 





Modulus of elasticity (kgf/cm 2 ) 


Resonance frequency (Hz) 


Example 6 


450 


548.8 


Example 7 


410 


523.9 


Comparative Example 2 


240 


400.1 



30 



35 



40 



45 



From Table 4. it is seen that by containing a filler, the resonance frequency can be increased. If the 
servo band is 450 Hz, since it is required to generate the resonance frequency larger than 450 Hz, in 
sample discs of Examples 6 and 7, the servo output signal could be separated sufficiently at the time of 
record regeneration by the MR head. 

Claims 

1. A magnetic disc substrate formed by injection molding of a thermoplastic norbornene resin. 

2. A magnetic disc substrate according to claim 1 having a diameter of 95 mm and a thickness of 2.6 to 
3.0 mm. 

3. A magnetic disc substrate according to claim 1 having a diameter of 65 mm and a thickness of 0.9 to 

2.0 mm. . _ _ . _ 

4. A magnetic disc substrate according to claim 1 having a diameter of 48 mm and a thickness of 0.5 to 
1,8_mm. 



5. A magnetic disc substrate according to claim 1 having a diameter of 34 mm and a thickness of 0.2 to 
1.6 mm. 

— 6r— A-magnetic-disc substrate according to claim I comprising a plastic-composite in-which-a-filler-is 
added to a thermoplastic norbornene resin. 

7. A magnetic disc substrate according to claim 6 having a diam t r of 95 mm and a thickness of 1 .6 to 
2.6 mm. 

55 8. A magnetic disc substrate according to claim 6 having a diam t r of 65 mm and a thickness of 0.5 t 
1.8 mm. 
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9. A magnetic disc substrate according to claim 6 having a diameter of 48 mm and a thickn ss of 0.28 to 
1.6 mm. 

10. A magnetic disc substrate according to claim 6 having a diameter of 34 mm and a thickness of 0.10 to 
s 1.4 mm. 

11. A magnetic disc substrate according to claim 6, wherein said filler is not exposed on the magnetic disc 
substrate, and said magnetic disc substrate is covered by a matrix resin of a plastic composite. 

io 12. A magnetic disc substrate according to claim 6, wherein said filler comprises a spherical inorganic filler 
having an average particle size of 0.005 to 1,5 urn, being contained in an amount of 1 to 30 parts by 
weight, and the matrix resin comprises a thermoplastic resin, being contained in an amount of 70 to 99 
parts by weight. 

75 13. A magnetic disc substrate according to claim 12, wherein said inorganic filler having a particle size of 
1/5 to 2 times as large as the average particle size occupies 70% by weight or more. 

14. A magnetic disc substrate according to claim 1, wherein concave and convex portions are provided in 
the servo mark-forming portion by said injection molding. 

20 

15. A magnetic disc substrate according to claim 1. wherein the recording track-forming portion is formed 
in a convex shape, and the guard band-forming portion is formed in a concave shape by said injection 
molding. 

25 16. A magnetic disc in which at least a magnetic layer is formed on the magnetic disc substrate according 
to either claim 1 . 

17. A magnetic disc in which at least a magnetic layer is formed on the magnetic disc substrate according 
to claim 14, wherein the magnetic layer provided on the concave and convex portions of said servo 

30 mark-forming portion is so formed that the magnetized direction on the concave portion is reversed 
against the magnetized direction on the convex portion. 

18. A magnetic disc in which at least a magnetic layer is formed on the magnetic disc substrate according 
to claim 15 : wherein the magnetic layer is uniformly formed over from said recording track-forming 

35 portion to the guard band-forming portion. 
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